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Potential groundwater discharge may occur directly to the Kanawha River, which is west of the 
Site, or indirectly via potential groundwater discharge to Armour Creek which then drains into the 
Kanawha River approximately 2 miles northeast of the Site.  The location of the Site relative to 
the Kanawha River and Armour Creek is shown in Figure 1.  This revised memorandum presents 
an evaluation of potential human health risk associated with exposure to the 22 Site COCs in 
drinking water obtained from Kanawha River, considering both the potential direct and indirect 
groundwater discharge scenarios.  As documented below, the evaluation indicates that there are 
no unacceptable human health risks associated with potential direct or indirect discharge of 
groundwater COCs to the Kanawha River. 

KANAWHA RIVER EVALUATION 

The risk evaluation associated with potential groundwater discharge directly to the Kanawha River 
included four main components:  (i) selection of a focused near-river groundwater dataset that is 
most relevant for evaluating potential impacts to the Kanawha River; (ii) calculation of 
groundwater flux/discharge to the Kanawha River; (iii) evaluation of dilution/mixing in the 
Kanawha River; and (iv) comparison of relevant screening values to the near-river groundwater 
data set when accounting for dilution/mixing within the Kanawha River.  Each of these steps is 
described in the subsections below. 

Selection of a Near-River Dataset 

As discussed in the Work Plan and USEPA-approved Assessment of Groundwater-Surface 
Interaction (Geosyntec, 2011), a focused near-river groundwater dataset is considered appropriate 
for evaluation of potential groundwater/surface water interaction.  Groundwater concentrations 
close to the river for COCs present in contiguous plumes with the Fike/Artel Site tend to be lower 
than those observed near the Site proper due to a number of attenuation mechanisms, including the 
following: 

 Intrinsic degradation of many volatile organic compounds (VOCs); 

 Attenuation of metals, stemming from the recovery of aquifer geochemical conditions in 
groundwater just downgradient of the Site to background conditions; and 

 Hydrodynamic dispersion (brought about by the bifurcation of COC plumes downgradient 
of the Site) and potential retardation of COCs. 

Thus, COC concentrations in groundwater near the river are more representative of concentrations 
associated with a potential groundwater-to-surface water pathway.  The attenuation mechanisms 
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discussed above are discussed further in the USEPA-approved Groundwater Conceptual Site 
Model, 2016 Update (2016 CSM Update; Geosyntec, 2016).   

The development of a focused near-river dataset for each COC was performed in accordance with 
the Work Plan and followed the general data reduction approach employed in Geosyntec (2011).  
Groundwater data from 24 sample locations within 500 feet (ft) of the river were included (Figure 
2).  In addition, selected data beyond this 500-ft boundary were added to the dataset so that each 
COC was represented.  Specifically, data from monitoring well MW-223I were included in the 
analysis to provide analytical data for the pesticides 4,4'-dichlorodiphenyltrichloroethane (4,4'-
DDT) and aldrin.  Consistent with the Work Plan, the latest data by location and COC were used 
for locations/sample intervals with more than one sample event.  For metal COCs (i.e., arsenic, 
iron, and manganese), the dataset conservatively included the maximum of either total or dissolved 
concentrations when both data types were available.  The focused near-river dataset is provided in 
Table 1, which also includes summary statistics (i.e., maximum, geometric mean) for each COC 
for use in subsequent steps. 

Key observations based on a review of the focused near-river data set include the following: 

 Each of the pesticide COCs was non-detect, consistent with their very limited distribution 
due to poor mobility in groundwater, as discussed in the 2016 CSM Update; 

 Metal COCs were detected at most locations, consistent with their natural presence in soil 
and groundwater in the vicinity of the Site; further discussion of metal fate and transport is 
provided by Geosyntec (2006, 2016); 

 Several COCs have right-skewed data distributions (i.e., qualitatively, multiple parameters 
have a single or a small number of elevated values with a large number of non-detects or 
low values);   

 Several VOCs and semi-volatile organic compounds (SVOCs) were detected in less than 
15% of the samples in the near-river data set, including (detection frequency in 
parentheses):  1,1,2-trichloroethane (1,1,2-TCA; 2%); carbon tetrachloride (5%); 
chlorobenzene (10%); tetrachloroethene (PCE; 2%); trichloroethene (TCE, 12%); and 
bis(2-chloroisopropyl) ether (13%); and 

 Data for select VOCs were consistent with the potential for off-Site sources (i.e., unrelated 
to Site activities), consistent with the highly industrialized nature of the Kanawha Valley 
and as discussed in the 2016 CSM Update; examples include but are not limited to the 
following:  
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o Carbon tetrachloride was only detected at SB-30 to the northwest and at elevated 
concentrations (up to 2,650 micrograms per liter [µg/L]) while non-detect at all 
other near-river locations;  

o Similarly, chloroform (CF) was detected at concentrations up to 986 µg/L at SB-30 
but is either non-detect or, when detected, is less than 1 µg/L at all other near-river 
locations; and 

o TCE detections were clustered in the northwest (FL-MW-3A, FL-MW-3B, SB-24, 
and SB-30); in addition, TCE is detected at significantly greater concentrations at 
FL-MW-3A (1,400 µg/L) than other locations (only 12 µg/L or less).   

Similar conclusions can be drawn for other COCs (e.g., 1,1,2-TCA, benzene 
chlorobenzene, PCE, and vinyl chloride [VC]) from the near-river dataset and/or based on 
data presented in the 2016 CSM Update.  Select data from the 2016 CSM Update are 
included in Attachments A-3 and A-4 for reference.   

Calculation of Groundwater Flux/Discharge  

Calculation of potential groundwater flux/discharge along the Kanawha River was estimated 
following the approach outlined in the Work Plan.  Specifically, discharge was estimated using the 
following equation: 

𝑄
𝐾 𝑡 𝐿 𝑖

𝐶𝐹
 

where: 

 Q = groundwater flux/discharge (cubic feet per second [cfs]); 

 K = hydraulic conductivity (ft/day); 

 t = aquifer thickness (ft); 

 L = length of potential discharge along the river (ft);  

 i = hydraulic gradient (ft/ft); and 

 CF = conversion factor (86,000 seconds/day). 

Site-specific data were used as input parameters to estimate representative near-river hydraulic 
conductivity, area of potential discharge, and hydraulic gradient, as discussed below. 
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Hydraulic Conductivity  

Hydraulic conductivity data for the Site are presented in Figure 8 of the 2016 CSM Update, which 
is included in Attachment A-1 for reference.  As discussed in the 2016 CSM Update, hydraulic 
conductivity testing indicates moderate but variable hydraulic conductivities in the alluvium, with 
higher conductivities generally observed northeast of the Site while lower hydraulic conductivities 
were observed elsewhere, specifically to the west in close proximity to the Kanawha River.  Lower 
hydraulic conductivity measurements in the western portion of the Site are consistent with steeper 
hydraulic gradients typically observed in this area during potentiometric gauging.  For reference, 
potentiometric maps from 2006 to 2015 reported in the 2016 CSM Update are included in 
Attachment A-2. 

Three hydraulic conductivities measurements were performed within 500 ft of the Kanawha River, 
with a range from 0.58 to 18.4 ft/day with a geometric mean of 4.65 ft/day.  This geometric mean 
was selected as the representative hydraulic conductivity value for use in the discharge/flux 
evaluation.  Use of geometric means as a summary statistic for hydraulic conductivity is common 
given that conductivities are often log-normally distributed (Rehfeldt et al., 1992). 

The three near-river hydraulic conductivity measurements were from wells screened in the “deep 
zone” of the aquifer.  As discussed in the 2016 CSM Update, the alluvium generally coarsens 
downward from lower permeability materials (i.e., silt and clay) to higher permeability materials 
(sand and silt with limited gravel in the deepest horizon).  In addition, cone penetrometer testing 
(CPT) during the pre-remedial design investigation (PRDI) in 2003 indicated extensive lower 
permeability material in the shallow aquifer zone along the river.  This is consistent with overbank 
deposits, which is common in alluvial systems like the Kanawha Valley.  Therefore, use of 
hydraulic conductivity values from the deep zone is conservative as it does not take into account 
the observed, lower permeability overbank formation that may hinder flow into the river.   

Cross-Sectional Area of Potential Discharge 

The area of discharge was calculated using the length of potential discharge along the river, L, 
multiplied by the estimated thickness of the alluvial aquifer near the river, t.   

 L was conservatively estimated to be 3,750 ft, which is based on the approximate shoreline 
length of the 500 ft near-river buffer illustrated in Figures 1 and 2.  This is a conservative 
estimate, as each COC is only distributed along the shoreline for a portion (and sometimes 
a small fraction) of this length.  For example, the length of potential discharge for 
hexamethylphosphoramide (HMPA), the most widely distributed COC, is approximately 
2,500 ft based on plume contours presented in Figure 13a of the 2016 CSM Update 
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(included in Attachment A-3 for reference).  Some COCs have substantially smaller plume 
lengths along the shoreline (see plume maps in Attachment A-3). 

 t was estimated to be 35.8 ft (on average) based on historical lithology borings (i.e., depth 
to bedrock), ground surface elevations, and potentiometric data collected within 500 feet 
of the river bank.  The basis for the aquifer thickness calculation is presented in Table 2. 

Based on the above length and thickness, the cross-sectional area of potential discharge was 
conservatively estimated to be 134,250 square feet (ft2). 

Near-River Hydraulic Gradient 

Near-river hydraulic gradients were estimated as described in the Work Plan.  The estimate is 
summarized in Table 3 and based on the following data sources: 

 Water level elevations in near-river monitoring wells/piezometers from four gauging 
events from 2006 to 2015; for reference, potentiometric maps from the 2016 CSM Update 
are included in Attachment A-2; 

 The pool elevation of the Kanawha River from the same date as the potentiometric data1;  

 Horizontal distances from near-river locations to the edge of the Kanawha River, as 
estimated in the geographic information system (GIS).  

The average near-river hydraulic gradient was estimated at 0.027 ft/ft (Table 3).  Use of the 
average gradient is appropriate because it accounts for potential seasonal and spatial variability.  

Groundwater Flux/Discharge 

Based on Site-specific data and assumptions related to near-river hydraulic conductivity, area of 
potential discharge, and hydraulic gradient, the groundwater flux/discharge was estimated using 
the approach outlined previously to be approximately 0.20 cubic feet per second (cfs).  The details 
of the flux analysis are summarized in Table 4. 

                                                 
1 Approximately 12 river miles downstream of the Site, the United States Army Corps of Engineers operates the 
Winfield Lock and Dam at a normal pool elevation of approximately 566 feet above mean sea level (ft msl).  The pool 
elevation of the Kanawha River from the same date as the potentiometric data was obtained from the U.S. Geological 
Survey (USGS) Station Number 03198000 at Charleston, WV (http://waterdata.usgs.gov/wv/nwis/rt).  This station is 
on the same pool of the Kanawha River as the Site.    
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Evaluation of Dilution/Mixing Zone 

As discussed in the Work Plan, a dilution factor was developed to account for dilution/mixing of 
groundwater discharge with the Kanawha River.  The dilution factor was developed by comparing 
the estimated groundwater discharge (0.20 cfs) to one-third of the Kanawha River harmonic mean 
flow.  The harmonic mean flow used in this evaluation was 6,950 cfs based on USGS Station 
Number 03198000 in Charleston, WV2.  Use of this station is conservative given that the 
Charleston, WV station is upstream of the Site.  The factor of one-third is consistent with West 
Virginia mixing zone regulations provided in 47CSR2§5.2.e.  A dilution factor of 11,583 was 
estimated based on the metrics above, as summarized in Table 4.  The near-river geometric mean 
and maximum values for each COC were divided by the dilution factor for comparison to 
applicable screening criteria, as discussed in the following subsection. 

Screening Criteria  

Screening Process and Rationale 

To evaluate the potential for human health risk stemming from groundwater-surface water 
interaction between the Site and the Kanawha River, Geosyntec screened near-river groundwater 
COC concentrations, accounting for dilution/mixing, with the following screening benchmarks (as 
available).  This approach is consistent with the Work Plan, with consideration of USEPA’s 
comments dated 19 April 2018.   

 The Site’s current groundwater Preliminary Remedial Goals (PRGs), which are based on 
an unrestricted domestic use scenario (including ingestion) and account for cumulative 
cancer risk and/or noncancer effects.    

 USEPA’s May 2018 Regional Screening Levels (RSLs; USEPA, 2018) for tapwater based 
on (i) a target cancer risk (TR)3 of 1 × 10-6, or (ii) a Site-specific target hazard quotient 
(THQ) for noncancer endpoints, developed to account for the potential cumulative effects 
of multiple COCs on the same target organ.  Development of Site-specific THQs is 
discussed further below.  

                                                 
2 https://streamstatsags.cr.usgs.gov/gagepages/html/03198000 htm 
3 Although the tapwater RSLs based on the cancer endpoint used in this evaluation are based on a TR of 1 × 10-6, 
USEPA’s acceptable risk ranges from 10-6 to 10-4, as discussed in the National Contingency Plan (NCP), 
40 CFR 300.430.  Because the screening risk level is at the low end of the NCP target range, no adjustment is necessary 
for the cancer-based RSLs. 
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 West Virginia’s Human Health Water Quality Criteria based on drinking water and fish 
consumption (47CSR2, Appendix E, Table 1). 

The PRGs and West Virginia’s Human Health Water Quality Criteria were used without 
adjustment.  The adjustment of the default RSLs required three steps, as outlined below.   

The first step is summarized in Table 5.  Nine COCs were retained for target organ-specific 
adjustment based on the following criteria:  

 The COC only has noncancer endpoints (HMPA, bis (2-chloroisopropyl) ether, 
chlorobenzene, iron, and manganese); or 

 For the 15 COCs that have tapwater RSLs based on both cancer and noncancer endpoints, 
the COC was retained for evaluation of common target organs if its noncancer RSL at a 
THQ of 0.1 is lower than its cancer-based RSL at a TR of 1 × 10-6.  The retained COCs 
were 1,1,2-TCA, 1,2-dichloropropane (1,2-DCP), PCE, and TCE.  For the other 11 COCs 
(i.e., those for which the cancer-based RSL is more than 10-times lower than the 
corresponding unadjusted noncancer-based RSL at a THQ of 1) this refinement step 
demonstrates that the noncancer-based RSLs (even after adjustment for common target 
organs) would not factor into the selection of the final screening criteria.   

The second step involved listing the target organs for the retained COCs in a matrix to assess which 
COCs shared target organs (Table 6).  A target organ adjustment factor for each COC was 
calculated from the maximum number of COCs sharing the same target organ (Tables 6 and 7).  
For example, three COCs share the respiratory system as a target organ, thereby resulting in a 
target organ adjustment factor of 0.33 for all COCs that affect that target organ.   

The third step involved the calculation of the Site-specific noncancer tapwater RSLs by 
multiplying the RSLs based on a THQ of 1 by the target organ adjustment factors (Table 7).  The 
lower of the tapwater RSLs based on a 1 × 10-6 target cancer risk or the Site-specific noncancer 
THQ based on shared target organs was selected for each COC, as summarized in Table 8.   

Table 8 provides a summary of the three sets of screening levels for the 22 COCs.  These screening 
criteria were compared to the focused, near-river groundwater dataset (when accounting for 
dilution/mixing), as discussed in the next subsection.   
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Screening Results and Discussion 

As discussed above, summary statistics of the near-river dataset (i.e., geometric mean, maximum) 
were developed for each COC.  These summary statistics were divided by the estimated dilution 
factor (i.e., 11,583) for comparison to the screening criteria (Table 8). 

 Given the right-skewed data distributions observed for several parameters4, near-river 
geometric mean values were computed and screened to evaluate the magnitude of central 
tendency of near-river concentrations with respect to screening values.  As shown in 
Table 8, near-river geometric mean concentrations (when accounting for dilution/mixing) 
were below each of the respective screening values. 

 In addition, the screening values were also compared to the maximum value of the near-
river dataset.  The use of maximum concentrations along the river is a conservative step 
for the following reasons: 

o The prevalence of low detection frequencies for several COCs along the river; and 

o The potential for off-Site sources (i.e., unrelated to Site activities), as discussed 
previously. 

When accounting for dilution/mixing, the maximum near-river values were also below 
each of the respective screening values.   

Review of Table 8 indicates that when screening against maximum near-river concentrations and 
accounting for dilution, carbon tetrachloride is closest of the 22 COCs to exceeding its respective 
minimum screening value (i.e., 0.23 µg/L vs. 0.25 µg/L, respectively).  As referenced above, 
carbon tetrachloride is infrequently detected in the near-river dataset (5% detection frequency).  
Furthermore, it was only detected at one boring at elevated levels while non-detect elsewhere.  The 
spatial distribution of carbon tetrachloride across the valley indicates sporadic detections (see 
Figure 14 of Geosyntec [2003], which is included in Attachment B for reference).  Collectively, 
these data indicate an off-Site source for carbon tetrachloride.           

Collectively, these comparisons indicate that there are no unacceptable human health risks 
associated with potential direct discharge of groundwater COCs to the Kanawha River. 

                                                 
4 Qualitatively, multiple parameters have a single or a small number of elevated values with a large number of non-
detects or low values. 
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ARMOUR CREEK EVALUATION 

Armour Creek is northeast of the Site and generally flows to the north (Figure 1).  Armour Creek 
is not subject to the state of West Virginia’s reclassification of the Kanawha River as a potential 
drinking water source.  This is acknowledged in USEPA’s letter dated 15 March 2018.  However, 
potential discharge of groundwater COCs to Armour Creek, which eventually drains into the 
Kanawha River northeast of the Site, could indirectly impact drinking water risks associated with 
the Kanawha River.  Per USEPA’s letters dated 15 March 2018 and 19 April 2018, Geosyntec 
evaluated the potential effects of mixing of Site-related groundwater COCs in Armour Creek on 
human health risk for drinking water obtained from the Kanawha River.  This evaluation relied on 
existing surface water analytical data and consideration of dilution of Armour Creek into the 
Kanawha River. 

Surface water samples were collected from seven locations in Armour Creek in December 2015 
and March 2016.  As discussed in the USEPA-approved Work Plan for Groundwater CSM Update, 
Revision 1 (Geosyntec, 2015): 

 Sample points included locations along the portions of the creek in which one would expect 
the greatest potential for impact; surface water sample locations are illustrated in Figure 
13a in Attachment A-3;  

 Samples were analyzed for HMPA, 1,3-dimethyl-2-thiourea (13DM2TU), and 
bis (2-chloroethyl) ether (BCEE), which are the three most prevalent SVOCs and which 
have the highest potential for transport from Site groundwater to the creek; and 

 Analysis of other COCs was not warranted, given the distribution of other COCs at the 
Site; this is supported by the plume maps and COC distribution figures provided in 
Attachments A-3 and A-4.  

As discussed in the 2016 CSM Update, of the three SVOCs analyzed, only low-level detections of 
HMPA (up to approximately 5 µg/L) were observed in the most downstream (i.e., northern) 
locations sampled in Armour Creek.  Both BCEE and 13DM2TU were non-detect.   

The Armour Creek evaluation considered the level of anticipated dilution/mixing of the creek into 
the Kanawha River.  As discussed below, the anticipated dilution of Armour Creek into the 
Kanawha River is approximately 52,000-fold (over four orders of magnitude), based on 
comparison of the estimated harmonic mean flow of Armour Creek to one-third the harmonic mean 
flow of the Kanawha River.  Data inputs to estimate dilution are summarized below: 
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 The harmonic mean flow of Armour Creek was not identified after a review of literature 
sources.  Therefore, an estimated harmonic mean flow of Armour Creek was obtained from 
a WVDEP online GIS database5, which indicated a harmonic mean flow of Armour Creek 
of 0.044 cfs at the confluence of the creek with the Kanawha River. 

 The harmonic mean flow for the Kanawha River was assumed to be 6,950 cfs, as referenced 
above.  One-third of this flow is approximately 2,317 cfs; the basis for use of one-third of 
the harmonic mean flow was also discussed previously.   

One consideration for this evaluation includes mixing of HMPA from Armour Creek with COCs 
that are potentially in the Kanawha River through direct groundwater discharge and which affect 
the same target organ as HMPA.  To account for potential cumulative effects in this scenario, the 
Site-specific tapwater RSL of 2.7 µg/L, as shown in Table 8, was selected as a conservative 
screening value in the Kanawha River.  The Site-specific tapwater RSL is lower than the Site’s 
current groundwater PRG for HMPA (8.6 µg/L), which represents a groundwater concentration 
protective of human health under a potable use scenario and considered cumulative risk effects.  
West Virginia does not have a Human Health Water Quality Criteria for HMPA.   

Potential HMPA contributions to the river were estimated as follows: 

 Approximately 0.048 µg/L in the river based on the maximum HMPA concentration in the 
near-river dataset (576 µg/L), direct discharge to the Kanawha River, and the 11,583-fold 
dilution (Table 8). 

 Approximately 0.000096 µg/L in the river based on input from Armour Creek, when 
considering HMPA concentrations in Armour Creek (i.e., up to approximately 5 µg/L) and 
the 52,000-fold dilution. 

The total contribution is approximately 0.048 µg/L, which is substantially below the 2.7 µg/L Site-
specific screening level referenced above.  

Based on the estimated 52,000-fold level of dilution, HMPA concentrations in Armour Creek 
would have to be in excess of approximately 138,000 µg/L to be greater than the Site-specific 
tapwater RSL (2.7 µg/L) in the Kanawha River.  These levels are more than approximately 25,000 
times higher than concentrations observed in Armour Creek and approximately 40 times higher 
than the maximum concentration of HMPA observed in Site-wide groundwater. 

                                                 
5 http://tagis.dep.wv.gov/streamflow/  
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Collectively, each element of the above evaluation indicates that unacceptable human health risks 
are not anticipated for drinking water obtained from the Kanawha River following potential mixing 
of Site-related groundwater COCs in Armour Creek. 

CONCLUSIONS 

The Kanawha River is currently designated as a potential drinking water source.  As such, USEPA 
requested on 19 December 2017 (and subsequent communications/comments referenced herein) 
for the Trust to evaluate potential human health risks posed by potential groundwater discharge of 
the 22 Site COCs, either directly to the Kanawha River or indirectly to Armour Creek, which then 
drains into the Kanawha River.  The evaluation, as described in this revised memorandum, was 
performed in accordance with the Work Plan, considered USEPA comments dated 19 April 2018, 
and incorporated changes based on the RTC Letter (approved by USEPA/WVDEP in a letter dated 
20 February 2019).  

The Kanawha River evaluation included screening of near-river groundwater data, when 
accounting for dilution/mixing in the Kanawha River, to relevant, site-specific screening values 
considered protective of human health under a drinking water exposure scenario.  Near-river 
concentrations (when accounting for dilution/mixing) were below each of the respective screening 
values.  The Armour Creek evaluation relied on existing surface water analytical data to evaluate 
the potential effects of mixing of Site-related groundwater COCs in Armour Creek on human 
health risk for drinking water obtained from the Kanawha River.  Only HMPA has been detected 
in surface water samples from Armour Creek; these HMPA detections, when accounting for 
dilution/mixing in Kanawha River, are also below relevant screening values for the Kanawha 
River.  

The Kanawha River and Armour Creek evaluations employed a number of conservative 
assumptions, including the following: 

 Consideration of maximum near-river groundwater results; 

 Consideration of three sources of screening levels, using a conservative cancer screening 
range (1 × 10-6) and a Site-specific adjustment for cumulative noncancer effects that 
assume that all COCs are co-located along the river; and 

 A conservative hydraulic formulation which does not take into account the observed low 
permeability overbank formations that may hinder flow into the river. 
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Collectively, these evaluations indicate that there are no unacceptable human health risks under a 
drinking water exposure scenario associated with direct or indirect discharge of groundwater 
COCs to the Kanawha River.   
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Near‐River Data Set
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16 0.69 0.21 3.2 8.9 0.62 0.80 0.83 0.60 0.74 0.72 0.75 0.62 0.79 1.1 ND ND ND ND 6.7 18,752 7,157
352 39 8.4 1,000 576 1.1 6.6 31 2.0 2,650 240 986 0.67 1,400 34 ND ND ND ND 76 80,500 41,000
15% 54% 13% 20% 73% 2% 37% 27% 22% 5% 10% 22% 2% 12% 27% 0% 0% 0% 0% 68% 100% 100%
5 22 5 8 19 1 15 11 9 2 4 9 1 5 11 0 0 0 0 15 7 7
33 41 40 40 26 41 41 41 41 41 41 41 41 41 41 1 1 5 5 22 7 7

CPT‐5 17‐Dec‐00 30 40 5 U 5 U 5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 5 U 8 6200 41000
CPT‐9 14‐Dec‐00 30 40 35 8.4 5 U 0.5 U 0.87 2.4 0.5 U 0.5 U 0.5 U 0.31 0.5 U 0.5 U 1 U 23 80500 22200
DPT‐203 21‐Jul‐03 37 41 5 U 0.1 U 0.0505 U 0.378 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 2.5 U
DPT‐203 21‐Jul‐03 56 60 5 U 0.35 0.0505 U 0.3775 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 6.3
DPT‐204 07‐Jul‐03 34 38 5 U 5 U 1.09 2.29 0.5 U 2.9 3.5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 7.9
DPT‐204 08‐Jul‐03 41 45 5 U 1.9 0.678 0.3805 U 0.5 U 3.8 2.6 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 2.5 U
DPT‐204 08‐Jul‐03 52 56 0.0535 U 0.4 U 18.1
DPT‐204 11‐Dec‐15 52 56 50 U 0.5 U 3.6 J 0.5 U 1.4 0.764 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
DPT‐221 02‐Jul‐03 37 41 5 U 0.1 U 0.0505 U 0.378 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 5.2
DPT‐221 07‐Jul‐03 49 53 5 U 2.5 0.158 0.414 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 75.6
DPT‐221 07‐Jul‐03 58 62 150 1.5 0.0487 U 0.365 U 0.85 U 0.85 U 0.85 U 0.85 U 0.85 U 0.85 U 0.85 U 0.85 U 0.85 U 33 11.1
DPT‐228 09‐Jul‐03 34 38 5 U 0.63 0.0555 U 0.415 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 2.5 U
DPT‐228 14‐Jul‐03 46 50 5 U 0.1 U 0.0515 U 0.386 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 7.4
DPT‐234 02‐Oct‐03 46 50 5 U 0.1 U 0.04745 U 0.356 U 0.5 U 1 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10.7
DPT‐234 02‐Oct‐03 54 58 5 U 0.1 U 0.04805 U 0.36 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 20.1
DPT‐402 21‐Jul‐10 54 59 6.23
FL‐MW‐3A 02‐Oct‐03 25 35 5 U 1.4 0.04775 U 0.358 U 25 U 25 U 25 U 25 U 25 U 240 25 U 25 U 1400 25 U 2.5 U
FL‐MW‐3B 02‐Oct‐03 46 61 10 U 1 0.0477 U 0.358 U 1.1 2.1 0.5 U 0.5 U 0.5 U 1.2 0.5 U 0.5 U 12 0.5 U 2.5 U
GL‐MW‐15D 07‐Oct‐03 57 62 5 U 0.21 0.0481 U 0.3605 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 2.5 U
MW‐223I 26‐Feb‐04 31.5 41 5 0.00095 U 0.0004755 U 0.0004755 U 0.0004755 U 2.5 U 376 6180
MW‐223I 07‐Dec‐07 31.5 41 5 11 U 38.5 2.56 2.745 U 0.5 U 1.46 3 1.64 0.5 U 0.5 U 0.264 0.5 U 0.5 U 2.6
MW‐223I 18‐Jun‐10 31.5 41 5 1.37
MW‐422 09‐Dec‐15 51.58 56.58 0.0255 U 0.0255 U 8.8 79100 5450
MW‐422 25‐Apr‐17 51.58 56.58 352 1.1 U 2.745 U 27.45 U 274 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.317 J
PBW‐6 08‐Dec‐15 54 59 0.0025 U 0.0025 U 2.12 36000 J+ 5890
PBW‐6 24‐Apr‐17 54 59 10 2 U 0.148 J 0.255 U 2.55 U 4.69 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
PBW‐7 08‐Dec‐15 47.5 53 5 0.0263 U 0.0263 U 10.4 37400 2960
PBW‐7 25‐Apr‐17 47.5 53 5 105 5 U 1.055 U 2.63 U 26.3 U 297 0.5 U 0.338 J 0.282 J 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
PBW‐8 08‐Dec‐15 57 62 0.02575 U 0.02575 U 10.3 40800 1800
PBW‐8 26‐Apr‐17 57 62 271 37.6 2.66 U 26.6 U 576 0.5 U 6.63 30.5 0.977 J 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 12.8
SB‐24 08‐Dec‐15 53 57 50 U 0.5 U 5.44 0.5 U 0.5 U 0.264 J 0.323 J 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 25.9
SB‐24‐01 24‐Oct‐07 38 40 10.4 U 1.74 0.104 U 2.605 U 0.397 0.5 U 0.459 0.5 U 0.617 0.5 U 19.1 0.5 U 0.5 U 8.83 34.3
SB‐24‐02 24‐Oct‐07 48 50 10.4 U 0.104 U 0.104 U 4.43 0.2605 U 0.5 U 0.5 U 0.5 U 0.15 0.5 U 0.5 U 0.5 U 0.5 U 0.289 0.5 U
SB‐30‐01 04‐Feb‐08 38 40 61 U 0.61 U 0.61 U 40.8 1.525 U 0.5 U 0.5 U 0.5 U 1.77 2650 0.373 986 0.667 1.1 0.485
SB‐30‐02 04‐Feb‐08 56.5 58 5 58 U 0.686 0.58 U 1000 147 0.5 U 0.684 0.5 U 0.5 U 0.257 0.5 U 13.4 0.5 U 0.5 U 0.5 U
SB‐31‐01 04‐Feb‐08 38 40 23.55 U 0.2355 U 0.2355 U 343 0.59 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.951 0.5 U 0.5 U 0.5 U
SB‐31‐02 05‐Feb‐08 57 59 54 5 U 9.33 0.545 U 854 5.46 0.5 U 0.316 0.5 U 0.303 0.5 U 0.5 U 0.323 0.5 U 0.5 U 0.5 U
SB‐32‐01 14‐Sep‐07 38 40 1.39 U 1.39 U 32.9 U 3.47 U 5 U 5 U 5 U 2.04 5 U 5 U 5 U 5 U 5 U 5 U
SB‐32‐02 14‐Sep‐07 60 62 0.235 0.222 U 5.55 U 175 0.5 U 0.84 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
SB‐34‐01 17‐Jan‐08 38 40 10 3 U 1.17 0.103 U 2.575 U 6.91 0.5 U 0.328 0.721 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.714
SB‐34‐02 18‐Jan‐08 51 53 11.1 U 0.111 U 0.111 U 4.17 31.2 0.5 U 0.5 U 0.5 U 0.139 0.5 U 0.5 U 0.141 0.5 U 0.5 U 0.5 U
SB‐35‐01 12‐Sep‐07 38 40 1.49 0.103 U 5.5 U 10.3 0.5 U 0.5 U 1.04 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 1.59
SB‐35‐02 12‐Sep‐07 53 55 0.468 0.104 U 6.3 36.6 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 5.76

Number of Samples Near the Kanawha River →

Geometric Mean Concentration Near the Kanawha River (μg/L) →
Max Detection Near the Kanawha River (μg/L) →

Number of Detections Near the Kanawha River →
Detection Frequency  →
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Table 1
Near‐River Data Set

Human Health Risk Evaluation of Potential Groundwater Discharge to Kanawha River 
Fike/Artel Superfund Site, Nitro, WV

Location Date
Top Depth
(ft bgs)

Bottom Depth
(ft bgs)    
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16 0.69 0.21 3.2 8.9 0.62 0.80 0.83 0.60 0.74 0.72 0.75 0.62 0.79 1.1 ND ND ND ND 6.7 18,752 7,157
352 39 8.4 1,000 576 1.1 6.6 31 2.0 2,650 240 986 0.67 1,400 34 ND ND ND ND 76 80,500 41,000
15% 54% 13% 20% 73% 2% 37% 27% 22% 5% 10% 22% 2% 12% 27% 0% 0% 0% 0% 68% 100% 100%
5 22 5 8 19 1 15 11 9 2 4 9 1 5 11 0 0 0 0 15 7 7
33 41 40 40 26 41 41 41 41 41 41 41 41 41 41 1 1 5 5 22 7 7Number of Samples Near the Kanawha River →

Geometric Mean Concentration Near the Kanawha River (μg/L) →
Max Detection Near the Kanawha River (μg/L) →

Number of Detections Near the Kanawha River →
Detection Frequency  →

SB‐37‐01 11‐Sep‐07 38 40 0.16 U 0.16 U 7.8 U 0.4 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
SB‐37‐02 11‐Sep‐07 56 58 3.02 0.1085 U 6.1 U 192 0.5 U 0.637 1.29 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 10.8
SB‐38‐01 22‐Oct‐07 38 40 11.35 U 0.1135 U 0.1135 U 2.84 U 0.284 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.393 0.5 U 0.5 U 0.5 U
SB‐38‐02 22‐Oct‐07 55 57 33.2 0.166 0.115 U 2.875 U 88.3 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.351 0.5 U 0.5 U 0.5 U
SB‐39‐01 22‐Oct‐07 38 40 11.65 U 0.1165 U 0.1165 U 2.905 U 0.2905 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
SB‐39‐02 22‐Oct‐07 56 58 13.9 0.195 0.1125 U 2.81 U 69.8 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U

Notes:
1. "Near the Kanawha River" includes 24 locations within 500 feet of the river plus MW‐223I, which was included to provided analytical data for 4,4'‐DDT and Aldrin.
2. ft bgs = feet below ground surface.
3. All results presented in µg/L.
4. Data presented reflects most recent analytical results by location, depth and/or chemical of concern (COC).
5. Geometric mean concentrations incorporate detections plus one‐half the reporting limit for non‐detects.  For cases where all samples were non‐detect, "ND" is reported.
6. Results for arsenic, iron, and manganese represent the maximum of total and dissolved concentrations, where applicable.
7. Qualifiers: J = estimated value; J+ = estimated with high bias; U = non‐detect.
8. Bold values indicate a detection.
9. Blanks indicate that the parameter was not measured or, if measured, is not the most recent analytical result for that COC and location (see Note 4). 
10. alpha‐BHC = alpha‐benzenehexachloride.
11. DDT = Dichlorodiphenyltrichloroethane.
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